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Abstract. There is no authoritative and effective solution for the dynamic
response time test of linear differential transformer displacement sensor at home
and abroad. This project has carried out special research on the dynamic response
time of displacement sensor. Through theoretical analysis and calculation, effec-
tive test methods such as free fall test method, spring acceleration test method and
excitation coil instantaneous signal excitation method are proposed, and various
test methods are effectively verified through relevant experiments.
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1 Introduction

The linear differential transformer displacement sensor adopts the principle of electro-
magnetic induction and belongs to a non-contact and loss free measurement method.
It has the outstanding characteristics of high measurement accuracy, good stability and
strong environmental adaptability [1]. It can be widely used in equipment engineering,
automobilemanufacturing, aviation, aerospace, power system, industrial process control
and other fields. With the increasing development of the application requirements of dis-
placement sensors, the requirements for dynamic characteristics such as sensor output
response time are becoming higher and higher [2, 3]. For linear differential transformer
displacement sensor, the measurement accuracy and environmental adaptability of the
sensor are directly related to themainworking performance of the sensor. Therefore, they
are the key technical indexes of the sensor. As an important dynamic characteristic index
of the sensor, the response time of the sensor is an important parameter to reflect the syn-
chronization between the sensor and the measured displacement. In most applications
of displacement sensors, the sensor is required not only to have good static performance
such as measurement accuracy, but also to have ideal dynamic response characteristics,
that is, the faster the change speed of the measured displacement is, the better, and the
shorter the response time is, so as to realize the real-time and accurate measurement
and control of the system and process [4, 5]. Therefore, the response time of displace-
ment sensor is a very key technical index, which needs to be measured accurately and
effectively to identify the dynamic response ability of displacement sensor.
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2 Several Test Methods of Response Time

The response time of the linear displacement sensor is the time required for the signal
output of the sensor to detect the change of the displacement of the pull rod. In the actual
test process, in order to truly test the response time of the sensor, the movement speed of
the detection pull rod should be fast enough that its movement time is negligible relative
to the response time of the sensor, so as to avoid that the movement time of the detection
pull rod is superimposed on the response time of the displacement output and cannot
be effectively eliminated. At present, there has been no effective test method for the
dynamic response time of linear displacement sensor at home and abroad. Therefore,
this project has carried out the research on several effective test methods for the response
time of linear displacement sensor.

(1) Free fall test method
The response time free fall test method is to place the detection pull rod of the
displacement sensor in its reciprocating displacement chamber and at the electrical
zero point, with the movement trend towards the ground, so that the detection pull
rod falls in a free fall mode. At the same time, the whole output process of the sensor
from zero point to full scale is recorded with a storable oscilloscope. According to
the free fall motion formula: S = 1

2g × t2, the time required for the movement of
the pull rod can be calculated. Where, s is the displacement of the pull rod, g is the
gravitational acceleration, g = 9.8 m/s2, and t is the time required to detect the
drop of the pull rod from the zero position to the full scale position. For example,
the range of a certain type of displacement sensor is 20 mm. According to the free
fall formula S = 1

2g × t2, S = 20 mm, t = 63.9 ms is obtained. It can be seen that
the movement time of the pull rod in the free falling state is up to 63.9 ms, which
is enough to mask the real response time of the sensor. The initial speed of the rod
falling freely is 0 m/s, and the speed when moving to the full-scale position is only
0.63m/s (Vt = g×t). It can be seen that themoving speed of the detection rod under
the condition of free falling is still very limited, and the accurate measurement of
the dynamic response time of the sensor can not be fully realized. Therefore, the
free fall test method is not suitable for the test object with high requirements for
sensor response time (within 10 ms).

(2) Spring acceleration test method
In order to improve the moving speed of the sensor detection pull rod during the
test, a light rigid spring is installed on the pull rod and properly installed and fixed,
as shown in Fig. 1.

According to the spring force formula: F = K × X (K is the elastic coefficient of
the spring and X is the shape variable of the spring) and Newton’s second law formula
F = m×a. Themovement time of the displacement detection pull rod from zero position
to full scale position under the action of spring can be calculated [6]. In this experiment,
the elastic force of the spring at the zero position is 5 kg (49n), and the total mass of
a certain type of displacement pull rod and nut is 10 g. The calculated average motion
acceleration of the pull rod is a = 1

/
2F

/
m = 2450 m/s2, which is far greater than
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Fig. 1. Add spring to the detection pull rod

the free fall acceleration of 9.8 m/s2. It is further calculated that under the action of
spring, the movement time required to detect the pull rod from zero position to full scale
position is about 4 ms. As shown in Fig. 2, the output response time of a certain type
of displacement sensor from zero position to full scale position is about 7 ms, including
the time occupied by mechanical displacement movement.

Fig. 2. Sensor output response curve of spring acceleration test method

It can be seen that although the movement speed of the displacement pull rod is
greatly improved under the action of the spring, there is still a movement time of 4 ms.
When actually testing the response time of the displacement sensor, the time occupied
by the movement of the pull rod should be excluded from the output response time of
the sensor. Therefore, the actual dynamic response time of the displacement sensor is
about 3 MS. Because the actual movement time of the pull rod is difficult to make a very
accurate calculation, the measurement accuracy of the spring acceleration test method
can only be controlled within 1.5 ms, which can be used to test the dynamic performance
of the displacement sensor with a response time of more than 5 ms. In order to test the
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dynamic response time of displacement sensor more accurately, the experimental test
scheme needs to be further optimized.

3 Excitation Test Method of Instantaneous Signal of Excitation
Coil

(1) Experimental principle of excitation signal test method
When the magnetic flux of the transformer is applied to the differential magnetic
displacement sensor, the alternating magnetic displacement sensor is made of the
magnetic flux of the transformer ϕ express. In primary and secondary coils ϕ It is
the same. According to Faraday’s law of electromagnetic induction, the induced
electromotive forces in the primary and secondary coils are e1 = −N1 × dϕ

/
dt,

e2 = −N2 × dϕ
/
dt. Where N1 and N2 are the turns of primary and secondary

coils. U1 = −e1 , U2 = e2 (U1 is the effective value of primary coil voltage, U2
is the effective value of secondary coil voltage), let K = N1

/
N2, K is called the

transformation ratio of transformer. From the above formula,U1
/
U2 = −N1

/
N2 =

−K , that is, the ratio of the effective values of the voltage of the primary and
secondary coils of the transformer is equal to its turns ratio, and the phase difference
of the voltage of the primary and secondary coils is π [5] (Fig. 3).

Fig. 3. Working principle of differential transformer

According to the above theoretical analysis and practical test, the phase dif-
ference between the primary coil excitation and the secondary coil output of the
displacement sensor is π, and the corresponding response time is only tens of sub-
tleties (taking the sensor with excitation frequency of 10 kHz as an example, the
secondary lags behind the primary is only 50 μs), compared with the response
time of the sensor with the response time of milliseconds, it is basically negligible.
Therefore, the factors affecting the output response time of the sensor mainly come
from the rectification, filtering, amplification and other links of the circuit [7, 8].
Therefore, the detection pull rod of the sensor can be placed at the full-scale position



Dynamic Response Time Measurement Method 147

in advance, which is equivalent to the detection pull rod of the sensor moving from
the zero position to the full-scale position at a very fast speed, which completely
saves the moving time of the pull rod. Then, the instantaneous excitation signal is
applied to the primary coil, and the output signal is monitored synchronously at the
signal output end of the sensor. When the output signal reaches the full-scale signal
amplitude, the time lag behind the starting time of the high level of the excitation
step signal is the response time of the displacement sensor, so that the real response
time of the displacement sensor can be measured accurately.

(2) Excitation test method of instantaneous signal of excitation coil
In order to accurately test the response time of the displacement sensor, it is neces-
sary to make the sensor operate under reasonable state parameters. The excitation
signal selected in this experiment is a sine wave signal with a frequency of 10 kHz
and a signal amplitude of 3 V. In the experiment, a fast switch is used to control the
output of the excitation signal, and an instantaneous excitation signal is applied at
both ends of the primary coil. A storable oscilloscope is used to track and record the
complete change process of the output signal waveform of the displacement sensor
after the switch is turned on. Track and record the synchronous closing signal of
the fast switch with channel 1 of the oscilloscope, and track and record the output
signal of the displacement sensor with channel 2 of the oscilloscope. As shown
in Fig. 4, the horizontal scanning speed of the oscilloscope is 1 ms/Div. it can be
measured from the operation curves of channel 1 and channel 2 of the oscilloscope
that the time when the output signal of the sensor lags behind the excitation signal
is 2.8 ms, that is, the response time of the displacement sensor is 2.8 ms.

Fig. 4. Response time test curve of primary excitation and output signal
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4 Conclusion

In this project, various test methods of response time of displacement sensor are compre-
hensively, systematically and deeply studied. Through theoretical analysis and practical
test, a new response time measurement method - excitation coil instantaneous signal
excitation test method is creatively proposed, which effectively improves the measure-
ment accuracy of response time. The invention, popularization and application of the
measurement method will provide an accurate and effective measurement scheme for
the technical identification of the response time of the displacement sensor, and will play
a very positive role in promoting the development of the displacement sensor industry
and the progress of technology.
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